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Influences of Sand Ratio and Paste Aggregate Ratio on
Fresh Properties of High-Fluidity Concrete
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(1. Department of Civil Engineering, Tsinghua University, Beijing 100084, China;
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Abstract: The influences of sand ratio and paste aggregate ratio on fresh properties of high-fluidity concrete (HFC) were
investigated. Two strength grades of HFC with different sand ratios and paste aggregate ratios were prepared. The fresh properties
of HFC were investigated by rheological experiment, workability measurement and sliper test. The results show that the
rheological properties and workability of HFC are related to the sand ratio and paste aggregate ratio. The yield stress and plastic
viscosity of HFC and the lubrication layer initially firstly decrease and then increase with the increase of sand ratio. With the
change of sand ratio of 6.38%, the variation range of yield stress of HFC can be up to about 27%, and the variation range of
plastic viscosity can be up to about 78%. The yield stress and plastic viscosity of HFC and the lubrication layer gradually
decrease with the increase of paste aggregate ratio. With the change of paste aggregate ratio of 16.07%, the variation range of
yield stress of HFC can be up to about 331%, and the variation range of plastic viscosity can be up to about 204%. The varying
tendency of workability of concrete is consistent with its rheological properties. A linear relationship between pumping pressure
and quantity of flow for concrete predicted by sliper test shows the contribution of the lubrication layer to the process of pumping.
The reliability of yield stress of the lubrication layer based on the sliper test is low.
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Table 1 Mix proportion of high-fluidity concrete (HFC)
m/(kgm ™)

Sample No. Fine Coarse
Cement FAM FA GGBS SF

aggregate aggregate

HFCl1 400 0 160 0 25 753 849
HFC2 505 160 0 95 50 575 930

m is the mass of material per volume of cement; FAM is fly ash microsphere;
FA is fly ash; GGBS is ground granulated blast-furnace slag; SF is silica fume.
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Table 2 Compressive strength ¢ of HFC

o/MPa
Sample No.
7d 28d
HFC1 69.0 92.5
HFC2 96.6 112.8
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Table 3 HFC with different sand ratios ry and paste
aggregate ratios rp,

Sample No. s Tpla

HFC1 0.470 37.3:62.7
HFCI-LSR 0.440 37.3:62.7
HFCI-HSR 0.500 37.3:62.7
HFCI-LPAR 0.470 33.3:66.7
HFCI-HPAR 0.470 41.3:58.7
HFC2 0.382 42.7:57.3
HFC2-LSR 0.352 42.7:57.3
HFC2-HSR 0.412 42.7:57.3
HFC2-LPAR 0.382 38.7:61.3
HFC2-HPAR 0.382 46.7:53.3

LSR is low sand ratio; HSR is high sand ratio; LPAR is low paste aggregate
ratio; HPAR is high aggregate ratio.
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Fig. 1 Rheological scheme used to measure the rheological
parameters of HFC
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Table 4 Rheological parameters of HFC with different
sand ratios

Sample No. rs Yield stress/Pa Plastic viscosity/(Pa-s)
HFCI1-LSR 0.440 55.05 68.74
HFC1 0.470 51.34 48.29
HFCI-HSR 0.500 65.13 85.73
HFC2-LSR 0.352 127.05 97.82
HFC2 0.382 98.84 78.66
HFC2-HSR 0.412 101.84 131.55
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Table 5 Influence of sand ratio on workability of HFC

Sample No. s Slump flow/mm Tso0/s V-funnel time/s
HFCI-LSR 0.440 495 0 35.0
HFCI 0.470 620 7.4 33.0
HFC1-HSR  0.500 390 0 0
HFC2-LSR 0.352 455 0 132.0
HFC2 0.382 610 13.0 123.0
HFC2-HSR 0412 450 0 227.0

Tso0 is the flow time starting from the lifting of slump cone to the moment
that the slump flow reaches 500 mm when measuring the slump flow of

concrete.
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Fig. 3 P-Q relationship of HFC with different sand ratios
based on Sliper test
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Table 6 Rheological parameters of the lubrication layer

Yield stress  Viscosity coefficient  Plastic viscosity

Sample No.

/Pa /(Pa-s'mm ") /(Pas)
HFCI1-LSR 79.82 3.44 6.87
HFC1 104.20 2.90 5.81
HFCI-HSR 134.63 5.17 10.35
HFC2-LSR 245.51 15.14 30.28
HFC2 190.95 13.11 26.23
HFC2-HSR 25.96 19.25 38.50
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Fig. 4 Rotational speed-torque relationship of HFC with
different paste aggregate ratios
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Table 7 Rheological parameters of HFC with different
paste aggregate ratios

Samplem No. Tola Yield stress/Pa  Plastic viscosity/(Pa's)
HFCI-LPAR  33.3:66.7 221.44 146.73
HFC1 37.3:62.7 51.34 48.29
HFC1-HPAR  41.3:58.7 40.77 39.53
HFC2-LPAR  38.7:61.3 120.44 162.34
HFC2 42.7:57.3 98.84 78.66
HFC2-HPAR  46.7:53.3 84.07 78.66
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Table 8 Influence of paste aggregate ratio on workability

of HFC

Sample No. Tpla Slump flow/mm  Tspo/s  V-funnel time/s
HFCI-LPAR  33.3:66.7 260 0 0

HFC1 37.3:62.7 620 7.5 33.0
HFC1-HPAR  41.3:58.7 630 7.4 11.0
HFC2—LPAR  38.7:61.3 350 0 0

HFC2 42.7:57.3 610 21.0 123.0
HFC2-HPAR  46.7:53.3 650 13.0 52.0
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Fig. 5 P-Q relationship of HFC with different paste aggregate
ratios based on sliper test
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Table 9 Rheological parameters of the lubrication layer

Yield Viscosity coefficient  Plastic viscosity

Sample No.

stress/Pa /(Pa-s'mm") /(Pa-s)
HFC1-LPAR 121.65 6.73 13.45
HFC1 104.20 2.90 5.81
HFC1-HPAR 22.05 2.92 5.83
HFC2-LPAR 266.18 26.79 53.58
HFC2 190.95 13.11 26.23
HFC2-HPAR 182.20 5.16 10.32
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